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Improved method for tracking a resonant frequency 

The method described shows an improvement to that already described 
within W098/21818 for tracking a resonant frequency. There are two main 
benefits to the approach described. Firstly multiple resonant structures can be 
connected together and interrogated through a single channel. Secondly it is not 
required that a directional coupler be used. 

The use of a single channel can give significant benefits when the strategy 
is used for the preferred system of non-contacting torque measurement using SAW 
(surface acoustic wave) devices as the sensing elements. Current systems use two 
SAW devices attached to a rotating shaft in such a way that when torque is applied 
' one resonator is put in tension whilst the second is put in compression. This causes 
the resonant frequency of the first device to reduce whilst the second will increase. 
The two devices would normally have a nominal difference between them of 
1MHz, such that with torque the output from the system is a difference frequency 
that changes about 1MHz with applied torque. The two sensors on the shaft are 
electrically connected to the stator of the assembly via two pairs of non-contacting 
rotary coupled transmission lines. The use of two pairs of couples has the 
disadvantage that the size and complexity of the mechanical assembly is increased, 
and thereby the cost In addition the rotary coupled transmission line can load the 
SAW resonator and thereby modify its frequency. As the system is a differential 
one if both couples modify there respective sensor response by the same amount 

* * then this'effect can be cancelled out, however if the two channels are not identical 

then an error can result If the interrogation signals can be passed through the same 
transmission path then the effect on each signal will be the same. 
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A simplified schematic of the system is shown in figure 1. If we assume 
that the signal source is a high frequency oscillator with a centre frequency within 
the bandwidth of the resonator and that it is also frequency modulated again with a 
deviation that is within the bandwidth of the resonator. As the impedance of the 
SAW changes rapidly with frequency around its resonant point then the amplitude 
of the signal seen after the resistor in figure 1 will also vary as the frequency is 
modulated. Because the output impedance of the signal source is very low this 
amplitude modulation will not be seen here. So if both these signals are passed to a 
mixer and then to a lpw pass filter to remove the sum products all that will remain 
is the amplitude modulation component of the signal. This demodulated signal can 
then be used within a control loop to track the resonant frequency of the SAW 
device. 

Figure 2 shows how SAW devices can be connected together and 
interrogated through a single channel. Two synchronous detectors are then used to 
separate responses of the two sensors. Because the SAW devices have a nominal 
difference frequency of 1MHz and because the amplitude modulation caused by 
each SAW device will be at 5kHz with the 2 nd harmonics at 10kHz the modulation 
caused by each SAW device can be separated within the electronics allowing each 
SAW resonance to be tracked individually. For example when the 200MHz FM 
signal is mixed with the composite 200 and 201 MHz FM signal with amplitude 
modulation the difference product will be the 5kHz signal generated by the 
modulation due to the 200 MHz SAW, the modulation cause by the 201 MHz 
device will be offset by 1 MHz and can therefore be easily filtered out. 
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Figure 1. simplified schematic of system 
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Figure 2. simplified schematic of system containing two SAW 



